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Note
ValueAddedperWorker,CapitalAccumulation,
andTechnicalProgress
HOON HlAN TECK*
Withinthecontextof industrialrestructuring,it is notuncQmmonto useterms
,suchas 'highervalue-addedperworker',or 'low or highvalueaddedactivities',and
'hightechnology'industries.Thepresentnoteattemptsto usethetheoreticalworkin
the field of internationaltradeto sharpenour understandingof the relationships
amongtheconceptsof valueaddedperworker,capitalaccumulation,andtechnical
progress.Weshowthatfor alargecountry,capitalaccumulationraisesthereal value
addedperworkerin both industries.Withneutraltechnicalprogressoccurringin the
L-intensiveindustry,it is possiblefor thetermsof tradeeffectto leadto adeclinein
reallabourproductivity.
I. INTRODUCTION
Withinthecontextof industrialrestructuring,it is not uncommonto use
termssuchas'highervalueaddedperworker',or 'loworhighvalueaddedaCtivities',
and'high-technologyindustries'.Generally,it is suggestedthatthelowvalueadded
activitieshouldbephasedoutwhilepolicieshouldbeaimedatattractingthehigh
valueaddedactivitiesandhigh-technologyindustriesinto theeconomy.To date,
however,no formalapplicationhasbeenmadeof thetheoreticalworkinthefieldof
internationaltradeto sharpenour understandingof therelationshipsamongthe
conceptsofvalueaddedperworker,capitalaccumulationa dtechnicalprogress.It is
thistaskthatthepresentnot~aimstofulfIl.
In SectionII, weanalyze,withinthecontextof theHecksher-Ohlin-Samuelson
model,therelationshipsbetweenvalueaddedperworkerandcapitalaccumulation
ontheonehand,andvalue.addedperworkerandtechnicalprogress,ontheother.l
SectionIII concludesthenote.
"'Theauthoris SeniorTuitorof Economicat theDepartmentof EconomicsandStatistics,
NationalUniversityof Singapore.The paperhasbenefitedfrom commentsby Prof. Ronold
Jones.Any errorsandomissionsare,however,solelytheauthor'sresponsibility.
1Wewill consideronly neutraltechnicalprogressin thepresentnote.
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VALUE ADDEDPERWORKER,CAPITALACCUMULAnON,
ANDNEUTRAL TECHNICALPROGRESS
In whatfollows,weassumetherearetwotradablegoods,X (clothing)andY
(electronics),andtwofactors,K (capital)andL (labour).LetX beL-intensive,andY
beK-intensive.Thereareconstantreturnsto scalein theproductionofbothgoods,
andthereisnofactorintensityreversal.
Now,-bynationalincomeaccounting,thetotalvalueadded,say,inindustryX,
is equalto thevalueof finalgoodsproducedin industryX, andalsoequalto the
totalreturnsto factorsof productionK andL, employedin theindustry.Wemay
write
n.
However,if thegrowingeconomyislarge,sothatit isabletoinfluenceworld
prices,p mayinfactrise.Then,byEquation(3),2
aaLj= aaLj aw < 0
dP aw ap
(2)
By Equation(1),va unambiguouslyrises.va may,however,fallsincetherelative. x y
priceof goodX, p, hasrisen.A necessaryandsufficientconditionforvaytoriseis
8ky ay > 1,where°kj is capital'sdistributivesharein industryj, andayOky- Okx
is theelasticityof substitutionbetweencapitalandlabourin industryY,3,4.A value
of ay ~ 1 is, however,sufficiento ensuretheimprovementin thereallabour
productivityof labourinindustryY.
Next,considertheeffectof neutraltechnicalprogressoccurringin industryX
(L-intensive).ByEquation(4).5
1
va =- =W+Rk
x aLx x
1
va =- =W+Rk
y paL yy
vaj = Valueaddedperworkerin industryj, (j =x,y) measuredinunits
ofgoodX;
aLj = Labourequirementsperunitof outputj, (j =x,y);
kj = Capital/labourratioin industryj, ( j =x,y);
W = RealwagesmeasuredinunitsofgoodX;
R =RentalratesmeasuredinunitsofgoodX; and'
p
p =RelativepriceofgoodX,~ .
Py
Byvirtueof thefactthatweareassumingconstantreturnstoscale,theinput-
outputcoefficients(aiP i =K,L; j =x,y)aresolelydependentupontheprevailing
wage/rentalratio,w,andtechnicalprogress(whichweassumeto beneutral),t. On
theotherhand,thewage/rentalratioisdependentupontherelativepiiceofgoodX,
p,aswellastechnicalprogress.Hence,wemaywritethefollowingtwoequations:
da.. aa., aw
.::::.Jl =.:...::.Jl.
dp aw
da.. aa..~=.:...::.Jl.
dt at
(1)
where
daL . aaLjJ =- +
dt at
oaLj aw- +-
aw at
<0
ap
aa..
+ .:...::.Jl.
aw
(3)
Hence,if theeconomyis small,va mustunambiguouslyrise.Thelabour-outputx
coefficientdeclinesbothonaccountof thetechnicalprogress,aswellastherisein
wage/rentalratio(requiredto maintaincommoditypriceratio),vayalsounambi-
guouslyrises.
If thecountryisabletoinfluenceworldprices,it isconceivablethatp mayfall
sufficientlytocauserealvalue.addedperworkerinthegrowingindustrytodecline-
just like immiserizingrowth.Thenecessaryandsufficientconditionfor thisto
occurin industryX is somewhatmorecomplicated,supposingthatT(xmeasuresthe
aw
at
(4)
~L' aw daL'2-' <0,- >O,sothat-' <0,
aw ap dp
3Welet' -, denoteproportionatechange.- -fJ
4va risesif andonlyif p + 0Ly <O.But°LY = ky oy P.Y fJky - fJkx
fJ
whenjJ > 0, va risesif andonlyif kv oy> 1However,sincethecoefficientof oy is> 1,
y fJky - fJkx
asufficientconditionfor va to riseisthatoy ;;;.1.Y
~L ' aaL ' aw daL '5 -.:..:Jd.<0,~ < 0,-> 0,sothat...:::Jd<0.at aw at dt
Now, supposethat capitalaccumulationoccursin thiseconomy.By the
Rybczynskitheorem,industryY (K-intensive)xpandswhileindustryX (L-intensive)
declines,both relativelyandabsolutely.If the economyfacesgivenprices,the
Optimalinput-outputcoefficientsremainunchangedso thatva andva remainx y
unchanged.However,workersfromtheL-intensiveindustryhaveshiftedintothe
K-intensiveindustryso thatthenationalweightedaveragevalueaddedperworker
mustrise.
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relativeamountof Hick'sneutraltechnicalprogress,(seeJones,1965),vaxfallsif
andonlyif
I
1
1+-
p < - 8kx
8ky - 8kx j
1r 6
ax x
Finally,supposethat neutraltechnicalprogressoccursin industryY (K-
intensive).Then,it is notclearwhetherthelabour-outputcoefficientwill riseor
fall.7 It dependsupontherelativestrengthsof thefIrstandsecondtermsinEquation
(4),whichnowtakeoppositesigns.Thatis,whilethelabour-outputcoefficientin
industryY declinesbyvirtueof neutraltechnicalprogressoccurring,thedeclinein
thewage/rentalratio(require<ito maintainthesamecommoditytermsof trade)
leadstoanincreaseinthelabour-outputratio.
Therealvalue-addedperworkerinindustryX will,nevertheless,unambiguous-
ly declinesincelabourhasbecomerelativelycheaper.Hence,ne'utraltechnical
progressin theK-intensiveindustrycanhurtthereallabourproductivityin theL-
intensiveindustry.
III. CONCLUSIONS
Withinthe2X2X2model,weshowedthatin theprocessof capitalaccumula-
tion,thenationalweightedaveragel velof realvalue.addedperworker ises- a
resultthatfollowsfromtheRybczynski(1955)theorem.If thecountryis large,
however,thereispresumptionfor therealvalue-addedperworkerintheL-intensive
industrytorise.
Withneutraltechnicalprogressoccurringin theL-intensiveindustry,tht:real
valueaddedperworkerin boththeK- andL. intensiveindustrieswill rise.Fora
largecountry,however,it is conceivablethatthetermsof tradeeffectmayleadtoa
declinein thevalue..addedperworkerin thegrowingindustry.
-8 .
6vaxfallsif andonlyif tlLx>O.ButQLx- kx ax(p +1rx)- 1rx'
8ky-8kx
Hence, vax falls if and only if p<_
I
'+~ax
.
.
I.
.1rx.
8ky-8kx.
aaL' aa . aU)'While--L < 0, and---1t.l< 0,- < o.at aU) at
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